INTRODUCTION {#sec1-1}
============

Laser *in situ* keratomileusis (LASIK) is a common method for the surgical correction of myopia, hyperopia, and astigmatism.\[[@ref1]\] The creation of the corneal flap is the first and most critical step during LASIK surgery and may be associated with intraoperative complications affecting the rest of the procedure and postoperative course, thereby jeopardizing the patient\'s visual acuity.\[[@ref2][@ref3]\] Complications can occur at any time, so it is necessary to understand the etiology, pathophysiology, visual implications, and management of complications during and after refractive surgery. This knowledge will help surgeons obtain more consistent and predictable results.\[[@ref4]\]

Regarding LASIK surgery for residents, most studies support a training program that includes lectures, observation of refractive surgery, wet labs, preoperative and post-operative management, and performing surgery under the supervision of an experienced refractive surgeon. As an evidence of its growing prominence, refractive surgery is no longer taught only in anterior segment or refractive surgery fellowship programs, but it is now a fundamental part of the ophthalmology residency program. In 2010, the Accreditation Council for Graduate Medical Education (ACGME) put forth the first refractive surgical requirement for ophthalmology residency programs with a minimum of 6 procedures, combining primary and assisted. This new requirement acknowledges the growing prominence of refractive surgery in the practice of ophthalmology.

In this study, we determined the incidence of flap complications at our institution and tried to determine if there are any biometric or surgeon-related factors associated with these complications in LASIK surgery performed by residents in training.

METHODS {#sec1-2}
=======

Data Collection {#sec2-1}
---------------

We analyzed flap dissections performed during consecutive primary LASIK surgeries from March 2013 to February 2014 in a prospective observational manner. To meet inclusion criteria for this study, each case had to be performed either by second- or third-year ophthalmology residents or by novice cornea fellows. All patients were aware that a surgeon-in-training would be operating as part of the surgical team. Surgical case records were reviewed to identify each resident\'s number of corneal flap creation.

Patients {#sec2-2}
--------

All patients signed an informed consent for LASIK surgery. The Ethics Committee of Instituto de Oftalmologia "Conde de Valenciana" approved this study. All patients had stable refraction for at least 6 months before surgery, a corrected distance visual acuity (CDVA) of 20/25 or better, and over 21 years of age. Patients were excluded if there was an abnormal ocular examination, topographic evidence of keratoconus, or warpage from contact lenses and pregnancy. Preoperative evaluation included a comprehensive ophthalmic examination: uncorrected distance visual acuity (UDVA), manifest and cycloplegic refractions, applanation tonometry, and computerized corneal tomography using Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) and/or Orbscan II (Bausch and Lomb, New York, USA). We obtained keratometry and pachymetry data from Pentacam tomography and white-to-white distance data from Orbscan tomography.

Keratectomy and Surgical Technique {#sec2-3}
----------------------------------

Corneal flaps were created using the Moria M2 microkeratome (Moria, Antony, France) with 90-μm or 130-μm plates according to the preference of the surgeon, and a superior hinge \[[Figure 1](#F1){ref-type="fig"}\]. The cornea was marked with gentian violet staining, and the standard speed of pass (speed \#2: 15,000 rpm, 2 seconds of cutting time) was used in all cases. One single head was used in both eyes of each patient (the right eye was always done first), and the head was discarded upon completion of the procedure. The microkeratome settings (suction ring, flap stop) were chosen according to the steepest K (manufacturer\'s nomogram), aiming for the maximum flap diameter. If a complication occurred, it was reported in the computerized patient record system and also by direct notification to any of the authors. The surgeon and its consultant physician adjudged if the complication deserved ablation cessation. Ablation was done using the Schwind Amaris 750 s excimer laser (Schwind Eye-tech-solutions GmbH, Germany); or the MEL 80 excimer laser (Carl Zeiss Meditec, Jena, Germany). After performing the laser ablation, the flap was floated back into position, and the stromal bed was irrigated with balanced salt solution. Flap alignment was checked using gentian violet premarkings on the cornea, and a striae test was performed to ensure proper flap adherence. In this test, a gentle downwards pressure was put on the corneal edge just beyond the edge of the flap; fine folds will be seen radiating into the flap if good adhesion was achieved. All patients were treated postoperatively with fluorometholone acetate 0.1% ophthalmic suspension every 4 hours for 1 week and then in tapering doses per week; moxifloxacin hydrochloride 0.5% ophthalmic solution 4 times a day for 10 days; and hyaluronic acid 0.4% every 2 hours for 1 week. If the patient did not receive ablation due to a complication, an individualized treatment was proposed after new refraction stability was confirmed.

If an incomplete flap was created, and there was sufficient surface area in the stromal bed to allow for laser ablation, with a reasonable ablation zone, then the procedure continued as planned. If the hinge was beyond the visual axis, but the stromal bed was smaller than intended, it was considered to reattempt flap creation with a second pass of the microkeratome. If the hinge was within the visual axis, the flap was replaced and the procedure postponed. If a free cap was created, and the stromal bed was irregular, the flap was replaced without laser ablation; if the stromal bed was regular, the cap was handled by being placed on a drop of balanced salt solution in a chamber and proceeded with ablation, and the cap re-positioned.

![Moria M2 microkeratome, performing corneal flap cut.](JOVR-11-263-g001){#F1}

Data and Statistical Analysis {#sec2-4}
-----------------------------

Data analysis was performed using MS Excel 2010 for Windows 7. Means, standard deviations, and ranges were used to express data. The two study groups were compared using independent Student\'s *t*-test. Relative risks were calculated using relative risk calculator from MedCalc ([www.medcalc.org](www.medcalc.org)). Statistical significance was considered at *P* \< 0.05.

RESULTS {#sec1-3}
=======

All LASIK surgeries performed by 32 residents (29 second- and third-year ophthalmology residents and 3 cornea fellows) were included in this study. Of 279 programmed treatments, 273 flap dissections were done in 145 patients. These comprised 102 female patients (70.21%) and 43 (29.78%) male patients. Mean patient age was 28.39 ± 6.79 years (range: 18 to 52 years). The most common preoperative refraction was compound myopic astigmatism (199 eyes; 71.32%). Distribution of refractive status is shown in [Table 1](#T1){ref-type="table"}.

###### 

Preoperative refraction of eyes undergoing laser *in situ* keratomileusis

![](JOVR-11-263-g002)

The mean preoperative uncorrected distance visual acuity (UDVA) was 0.99 ± 0.39 logMAR (range 0 to 1.82), and the corrected distance visual acuity (CDVA) was 0.01 ± 0.1 (range −0.1 to 0.17/Snellen equivalent of 20/20). The mean preoperative spherical equivalent refraction was -- 3.04 ± 1.93 D (range −8.75 to +2.12). Preoperative astigmatism was in a range of −0.25 to −6.00 D. Other biometric characteristics are shown in [Table 2](#T2){ref-type="table"}.

###### 

Biometric characteristics of the patients

![](JOVR-11-263-g003)

There were 19 flap-related complications out of the 273 flap dissections involved (6.95%). The most common complication was incomplete flap dissection (*n* = 10; 3.66%), followed by free-cap (*n* = 5; 1.83%), and flap-buttonhole (*n* = 2; 0.73%). There were 2 infrequent complications of an irregular flap and an oval flap that allowed ablation. Ablation treatment was not applied to 13 eyes out of the 19 flap-related complications (68.42%). Flap-related complications were the cause of only 4 contralateral eye surgical suspensions. [Table 3](#T3){ref-type="table"} shows the overall comparison between the complicated and uncomplicated groups. There was a significant difference for the mean keratometry, minimum keratometry, and maximum keratometry between these groups. [Table 4](#T4){ref-type="table"} shows biometric characteristics of complicated eyes divided by the type of flap complication.

###### 

Comparison between complicated and uncomplicated groups

![](JOVR-11-263-g004)

###### 

Flap complications and its biometric characteristics

![](JOVR-11-263-g005)

Relative risks for flap-related complications were 2.03 for the first LASIK surgery (CI 95% 0.64 to 6.48, *P* = 0.22) and 1.26 (CI 95% 0.43 to 3.69, *P* = 0.66) for the surgeon\'s first twenty flap dissections. Female gender presented a 2.2 (CI 95% 0.69 to 7.32, *P* = 0.17) relative risk for complications. [Table 5](#T5){ref-type="table"} shows relative risks according to refractive status with no statistically significant results. Relative risks for other commonly known risk factors were obtained with no statistical significance \[[Table 6](#T6){ref-type="table"}\].

###### 

Relative risks according to refractive status

![](JOVR-11-263-g006)

###### 

Relative risks for other factors

![](JOVR-11-263-g007)

When complications presented after the surgeon\'s twentieth procedure, they occurred only in the left eye. Other characteristics such as pachymetry, keratometries, or refraction were within normal values and were not different in complicated or uncomplicated patients.

DISCUSSION {#sec1-4}
==========

Following the introduction of LASIK, an increased prevalence of flap-related complications was documented among both the novice and the experienced ophthalmic surgeons.\[[@ref5][@ref6][@ref7]\] Flap complications varied from 4.8% to 6.0% during the early learning curve which declined to 1% or less after the completion of more than 500 procedures.\[[@ref8]\] In our study, there were 19 flap-related complications out of the 273 flap dissections involved (6.95%). This incidence compares favorably with those reported by other authors, which vary from 0.3-10%.\[[@ref5][@ref6][@ref9][@ref10][@ref11][@ref12][@ref13]\] However, in most studies executed with trained LASIK surgeons, the rates are about 0.5-2%, indicating that residents in training present a higher complication rate. On the contrary, some authors proposed that lack of experience with LASIK surgery does not correlate with a lack of safety and efficacy.\[[@ref14]\] Other studies have reported the incidence of some specific complications like incomplete flaps in the hand of inexperienced surgeons.\[[@ref15]\] We decided to include information from the procedures of both the ophthalmology residents and the cornea fellows as in our academic center, some of the cornea fellows acquire their learning curve and perform their first procedures. We did not find difference between residents and novice cornea fellows. There was no objective result that contradicted to these findings.

Only keratometry values showed a statistically significant difference between the study groups. There were no significant differences between two groups in laterality (right or left eye), age, pachymetry findings, white-to-white distance, plate size used, preoperative visual acuity, or spherical equivalent refraction. Final visual acuity after rescheduling laser treatment was also similar between the complicated and uncomplicated groups.

In a study of 1019 eyes by Lin and Maloney,\[[@ref7]\] 88 (8.6%) eyes had flap-related complications, but there was no loss of best-corrected visual acuity with proper management of complications. They concluded that flap complications decrease with the surgeon\'s experience. They also noted a significant learning curve in the use of microkeratome.

Although we found similar results to those reported in the literature, this paper shows that the first flap dissection involves a 2.0 relative risk of complication and that the first 20 flap dissections, which is the mean number of required flap creation for an ophthalmology resident at our institution, represent a 1.23 relative risk of complications during this step; however, these risk factors were not statistically significant. We also found that there was no significant relationship between free caps and flattest keratometries, and buttonholes with steepest keratometries.

These types of complications are a major cause of surgical suspension, and the incidence should be considered as part of the informed consent in training hospitals, although it does not seem to affect final visual outcome when the laser treatment is rescheduled.

With the increasing use of the femtosecond-assisted LASIK flaps, some concepts must be taken into consideration, and although these lasers are exceedingly safe, complications do still occur.\[[@ref16]\] Suction loss may occur during flap creation for an improper technique in applying the suction ring or inadequate fixation, which can lead to an incomplete flap, but when it occurs with a femto-second microkeratome laser, the surgeon could proceed immediately and get satisfactory outcomes which may have implications in training hospitals for patient safety.\[[@ref17]\] However, a retrospective analysis of flap complications using microkeratome or femtosecond laser indicated that the total complication rates between the 2 groups were similar (14.2% and 15.2%, respectively).\[[@ref18]\]

We conclude that flap-related complications are a common intraoperative issue during LASIK surgery performed by in-training ophthalmologists. The surgeon\'s inexperience may impose a higher risk for flap-related complications than biometric parameters of the patient\'s eye. Flap complications do not seem to affect final visual outcome when the laser treatment is rescheduled.
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